background: Studies on experimental animals have found that organophosphate (OP) pesticides may act as endocrine disruptors; however, their effects on the human hormonal profile have not yet been adequately characterized. We evaluate the association between exposure to OP pesticides, measured through dialkyl phosphate (DAP) metabolites urinary levels, and the male hormone profile. methods: A cross-sectional study was performed in 104 floriculturists of Morelos, Mexico. A structured questionnaire was applied to get information on sociodemographic characteristics, anthropometry, clinical history, alcohol and tobacco consumption, and work history. DAP metabolites [dimethylphosphate (DMP), dimethylthiophosphate, dimethyldithiophosphate, diethylphosphate (DEP), diethylthiophosphate (DETP) and diethyldithiophosphate] were determined using gas-liquid chromatography. Serum levels of FSH, LH, prolactin, testosterone, inhibin B and estradiol were determined using enzyme-linked immunosorbent assay. Multiple linear regression was used to study the association between DAP metabolite levels and male hormonal profile. Data were adjusted by p,p ′ -dichlorodiphenyldichloroethene serum levels and other potential confounders.
Introduction
Organophosphate (OP) pesticides are broadly used for pest control due to their low persistence in the environment, broad spectrum and relatively low cost. In Mexico, OP pesticides have had an important role in agricultural production and public health, since they are used to control vector-transmitted diseases. In this country, 46 OP pesticides are currently approved for use in agriculture and for sanitary purposes (Cicoplafest, 2004) .
OP pesticides are esters of phosphoric or thiophosphoric acid, whose toxicity has been related to their ability to inhibit acetylcholinesterase activity causing acetylcholine accumulation at the nerve synapse level (Ecobichon, 2001) . Although numerous studies have shown the neurotoxic potential of OP pesticides, particularly in the case of acute intoxications, there are other effects derived from chronic exposure, such as immunotoxicity, carcinogenesis, endocrine alterations and adverse effects on reproductive health (Sultatos, 1994; Tamura et al., 2001 Tamura et al., , 2003 Kang et al., 2004) . Studies in animal models have reported that OP pesticides may act as endocrine disruptors. Rattner et al. (1986) observed a decrease in serum levels of LH in quails acutely exposed to parathion, but these levels returned to normal 24 h after exposure. In rats, chlorpyrifos-methyl showed anti-androgenic activity, probably mediated by binding to androgen receptors (Kang et al., 2004) . Chronic exposure to sublethal doses of quinalphos increased LH, prolactin and testosterone serum levels in rats (Sarkar et al., 2000) , whereas exposure to dimethoate decreased LH serum levels in sheep (Rawlings et al., 1998) .
However, the effects of OP pesticides on the human hormonal profile have not yet been fully characterized. Güven et al. (1999) reported altered basal levels of prolactin, FSH, adrenocorticotropic hormone (ACTH) and cortisol in patients suffering acute OP pesticides intoxication, which returned to normal once intoxication was resolved. Padungtod et al. (1998) reported in workers exposed to ethylparathion and metamidophos in a Chinese pesticide factory that exposure, as assessed by urinary p-nitrophenol levels, was associated with increased serum levels of LH and FSH, whereas testosterone levels decreased. In Mexican agricultural workers, Recio et al. (2005) found a negative association between urinary levels of dialkyl phosphates (DAP), which are non-specific OP pesticides metabolites, and serum levels of FSH and LH without significant associations with estradiol, prolactin or testosterone levels. Meeker et al. (2006) found an inverse association between urinary levels of 3,5,6,-trichloro-2pyridinol (TCPY), a metabolite of chlorpyrifos, and serum testosterone levels in men who sought services at an infertility clinic.
It is difficult to compare the results obtained in the aforementioned studies, since they differ in the characteristics of exposure (occupational or environmental), the use of different OP pesticides metabolites as exposure biomarkers and the number of hormones evaluated. These studies did not control for exposure to organochlorine (OC) pesticides, which are male endocrine disruptors (Kelce et al., 1995; Toppari et al., 1996) . For studies in Mexico, this is of significance since DDT was used until 1991 for agricultural pest control and until 1999 for malaria control; measurable levels of p,p ′ -dichlorodiphenyldichloroethene ( p,p ′ -DDE), the major and most persistent DDT metabolite, are currently found in serum of many Mexican individuals (Yañez et al., 2002) . The objective of this study was to evaluate the effects of exposure to OP pesticides, measured through DAP levels in urine, on the male hormone profile of floriculturists in Morelos, Mexico, adjusting for p,p ′ -DDE serum levels and other potential confounders.
Materials and Methods

Study population
During the July -October period, in 2004, a cross-sectional study was carried out in a population of men working in the production of flowers and ornamental plants in the state of Morelos, Mexico. These men performed different activities (from administrative tasks to pesticide application) with different levels of exposure to pesticides. The workers were identified through employee records from 45 companies, most of which use traditional production systems, including the regular use of chemical pesticides, except for one company that uses organic production methods (biological pest control). The inclusion criteria were: age between 18 and 50 years and having been at the job for at least 6 months. Men with a prior diagnosis of infertility or endocrine disease were excluded from the study. Using a selection questionnaire, 123 eligible workers were identified, informed about the objectives of the study and invited to participate; of them, 108 agreed to participate and were requested to sign an informed consent letter. Questionnaire application and collection of biological samples were done 1 day after fumigation at the location where each participant worked. The questionnaire included questions on sociodemographic characteristics, anthropometry (weight and height), clinical and surgical history, alcohol and tobacco consumption, work history, specific information on the characteristics of floricultural work (activity, work hours, outdoors or in a greenhouse). An additional questionnaire was applied to those workers responsible for preparing pesticide mixtures, with the purpose of identifying the commercial brands of the pesticides used. Later, the investigators classified the products according to their use (insecticides, fungicides, antibiotics), chemical family and active ingredient.
In the days prior to questionnaire application and biological sample collection, each participant was instructed to self-collect a first voided urine sample (before 8:00 a.m.) at home in a supplied container. Blood samples (10 ml) were taken in fasting conditions, between 8:00 and 9:30 a.m., and deposited in vacutainer tubes without anticoagulant, and later centrifuged to obtain serum. The aliquots of serum and urine were stored at 2708C and -208C, respectively, at the National Institute of Public Health of Mexico (INSP), until they were analyzed. The application of questionnaires and collection of biological samples were done by nursing personnel specially trained and standardized for this purpose; they did not know the main hypotheses of the study. The study was approved by the Ethics Committee of the INSP.
Laboratory procedures
Reproductive hormones in serum
The pituitary hormones (FSH, LH and prolactin), steroid hormones (testosterone and estradiol) and inhibin B were quantified at the School of Medicine of Torreon, Autonomous University of Coahuila.
Testosterone was measured using the R&D Systems ELISA Kit (DE2300), which has a sensitivity of ,3.8 pg/ml and inter-and intra-assay coefficients of variation (CV) of 9.3% and 7.8% respectively. Inhibin B was measured using a commercially, double antibody, enzyme-linked immunosorbent assay (ELISA) (DSL-10-84100 Active Inhibin B ELISA for Inhibin B) with inter-and intra-assay CVs of 7.6% and 4.6%, respectively, with a sensitivity of 10 pg/ml. Estradiol was also measured using a commercial double antibody, ELISA (Diagnostic Automation Inc. No. 2046z), with inter-and intra-assay CVs of 6.6% and 4.9%, respectively, and a sensitivity of 10 pg/ml. LH, FSH and prolactin were analyzed using an ELISA solidphase enzyme-amplified sensitivity inmunoassay, performed on microtiter plates (Biosource, No. KAQ1311, KAQ0841 and KAQ1441, respectively) ; the limits of detection (LOD) for LH, FSH and prolactin were 0.1, 0.15 mIU/ml and 7.6 mIU/ml, respectively, with inter-assay CVs of 6.0%, 8.9% and 7.1%; the intra-assay CVs were 4.9%, 4.2% and 4.6%, respectively. All absorbances were measured spectrophotometrically using a Perkin Elmer 35 and Dynotech MR5000 spectrophotometer.
Quantification of OP metabolites in urine
Exposure to OP pesticides was assessed by measuring six DAP metabolites in urine: dimethylphosphate (DMP), dimethylthiophosphate (DMTP), dimethyldithiophosphate (DMDTP), diethylphosphate (DEP), diethylthiophosphate (DETP) and diethyldithiophosphate (DEDTP). Total DAP metabolites were calculated as the sum of the six metabolites. Because DAP originate from more than one OP pesticide, DAP measurements provide no specific information about the pesticide to which the workers were exposed. However, we decide to use DAP as exposure biomarkers because 85% of OP pesticides used in floriculture form one to three of these six DAP metabolites, and provide useful information about cumulative exposure to OP pesticides. Extraction of DAP metabolites from urine was performed according to Ueyama et al. (2006) . Compounds were determined by gas-liquid chromatography using a flame photometric detector equipped with a filter isolating phosphorous emissions.
The quantification limits (LOQ) and LOD were calculated according to the US Environmental Protection Agency specifications (2000) and had values of 50 and 22.5 mg/l, respectively. To the non-quantifiable values (trace), 1/2 of the LOQ was assigned, and for values that were not detectable 1/2 of the LOD was assigned. For the statistical analysis, the value 25 mg/l was used for the trace category and 11.25 mg/l was used for the non-detectable category. The mean intra-and inter-assay CVs for urinary OP metabolites under study were between 10% and 15%, mean recoveries ranged from 102% to 119%.
Quantification of p,p ′ -DDE
In order to asses the exposure to OC, we determined the levels of p,p ′ -DDE in serum by means of gas chromatography with an electron capture detector (model 3400; Varian, Inc., Palo Alto, CA, USA), following the protocol recommended by the US Environmental Protection Agency (1980) . Concentrations were reported in lipid bases as nanograms per milliliter (parts per billion). The detection limit was 0.0125 ng/ml.
For internal quality control, each of the serum samples was fortified with aldrin and the average recovery was 98.15 + 8.8%. For every 10 study samples, one sample of bovine serum with known quantities of b-hexachlorocyclo-hexane, aldrin, hexachlorobenzene, DDE and 1,1-dichloro-2,2-bis( p-chorophenyl)ethane ( p,p ′ -DDD) was analyzed, with recovery of 100.8%, 100.01%, 100.91%, 103.4% and 104.1%, respectively. Additionally, one randomly selected sample was analyzed in duplicate in each batch with a CV of 4.37% for DDE.
Creatinine quantification
Creatinine concentration in urine was quantified by colorimetry. In alkaline solution, creatinine reacted with picric acid to form a colored complex, in an amount that was directly proportional to the creatinine concentration. For this, a commercial creatinine kit (Randox) was used and the samples were read on a VITALAB Eclipse spectrophotometer.
DAP metabolites, p,p ′ -DDE and creatinine were determined at Center for Research and Advanced Studies of the National Polytechnic Institute (CINVESTAV), Mexico.
Qualitative occupational exposure levels of workers
According to the activities performed at work and taking into consideration whether the type of floricultural production was organic or traditional (non-organic), three categories of exposure were constructed: (i) High exposure: workers employed in companies using traditional production methods (involving pesticide use), and handling pesticides directly. In this group, we included fumigators, pesticide mixers and those in charge of fumigation equipment. (ii) Medium exposure: workers employed in companies using traditional non-organic production methods but not handling pesticides directly. In this group, we included people in administrative positions (engineers, supervisors, managers etc.) and workers who mainly performed activities like cutting, making cuttings or slips, weeding, mixing earth, arranging plants, packing and those who did not perform the activities included in the high-exposure category. (iii) Low exposure: workers employed in companies using organic production methods.
Statistical analysis
Complete information on urinary DAP metabolites and serum hormones was obtained for 104 of the 108 workers who agreed to participate in the study. The general characteristics of the studied population were described with central tendency and dispersion measurements in the case of continuous variables and with proportions in the case of categorical variables. The exploratory analysis revealed that the distribution of the six evaluated hormones was not normal, for which they were transformed into their natural logarithm (ln) for subsequent statistical analyses. This was done in order to reduce the skewness and search for a monotonic relationship.
Creatinine-adjusted urinary DAP levels (untransformed) were compared among the three categories of exposure (high, medium and low) using the non-parametric Kruskal -Wallis test and, later on, the MannWhitney U-test, to compare each one of the medians with the others. Hormone serum levels (ln-transformed) were compared using analysis of variance (ANOVA) and, later on, the Scheffe multiple comparison test, to test differences between each pair of means.
Multiple linear regression models were developed to explore the association between creatinine-adjusted DAP levels and reproductive hormones, taking into account other factors which could act as potential confounders: age, body mass index (BMI), educational level, monthly income, time worked in floriculture, alcohol and tobacco consumption, and p,p ′ -DDE levels. Age, BMI, time worked in floriculture and p,p ′ -DDE levels were modeled as a continuous variable; smoking and alcohol consumption status were categorized by never, former or current consumption; monthly income (in dollars) was divided into four categories: ,250, 251 -500, 501 -650, .650; education level was categorized by less than complete junior high school, complete junior high school and more than complete junior high school. In the models, those variables were included which modified by 10% or more the coefficient corresponding to the association between levels of DAP metabolites and hormonal levels, as well as the variables which, although they did not fulfill this statistical criterion, were considered to be biologically important, specifically age and BMI. To improve interpretability, the regression coefficients (b) were backtransformed and expressed as the percentage of change in the dependent variable (i.e. hormone levels) for an increase of a unit in creatinine-adjusted DAP levels.
All statistical analyses were performed using the STATA 9.2 statistical program (StataCorp, USA).
Results
The general characteristics of the studied workers are shown in Table I . This is a young population, in which 63.5% completed junior high school. Seventy percent of the workers had a history of working in floriculture for more than 5 years and only 15 individuals used organic production methods. More than 50% reported tobacco or alcohol consumption, in different amounts: 69.23% were married and 65.38% had fathered a child, specifically, 67 men of those who were married and 1 man of those who were single. The geometric mean of p,p ′ -DDE was 880.6 ng/g.
Regarding pesticides applied the day before biological sampling, 38 different products were reported, of which 50% were insecticides, 47% fungicides and 3% were antibiotics. The group of insecticides was formed by OP pesticides (28%), pyrethroids (17%), carbamates (17%), OC compounds (6%) and 33% of other insecticides. The OP pesticides reported to be used were omethoate, oxydemeton, metamidophos, chlorpyrifos and malathion.
More than 90% of the workers had at least one DAP metabolite in urine, DMP being the most frequent (81%), followed by DMTP (54%), DEP (29%), DMDTP (17%), DETP (12%) and DEDTP (2%). Distribution of creatinine-adjusted DAP urinary levels shows that, in general, OP pesticide metabolites with dimethyl moieties (DMP, DMTP and DMDTP) were detected at higher concentrations than those with ethyl moieties (DEP, DETP and DEDTP) ( Table II) . The workers employed in companies using conventional non-organic production (medium and high exposure) had significantly higher creatinine-adjusted urinary DMP and total DAP levels than the group of workers employed in organic production (low exposure). However, there were no significant differences in DAP levels within the group of non-organic workers (medium versus high exposure) (Table III) . Moreover, there were a significantly higher proportion of individuals with urinary DMP, DMDP and DMTP levels above the LOQ in non-organic workers than in organic workers (data not shown). Total DAP urinary levels were inversely correlated with p,p ′ -DDE serum levels (Spearman's correlation coefficient ¼ 20.23,
Regarding hormonal profile, most workers had hormonal values within the reference range established by WHO (1999) ; however, except for prolactin and estradiol, there were individuals who were outside this range: 7.7% in the case of LH, 5.7% for FSH and testosterone and 4.5% in the case of inhibin B.
There were differences in serum hormone levels according to the severity of exposure; serum testosterone levels were significantly higher while FSH and inhibin B levels were significantly lower in individuals employed at companies whose production methods were not organic, when compared with the group of workers using organic methods. However, there were no significant differences between workers classified in the medium-and high-exposure groups (Table IV) .
Regarding potential confounders, in the bivariate analysis, age was associated with increased FSH (b ¼ 0.01, P , 0.01) and decreased inhibin B (b ¼ 20.03, P ¼ 0.02) levels; years of floriculture work were associated with increased FSH (b ¼ 0.01, P , 0.01); BMI was associated with decreased inhibin B (b ¼ 20.05, P ¼ 0.05); current tobacco exposure was associated with increased testosterone (b ¼ 0.27, P , 0.01); a negative association between p,p ′ -DDE and serum testosterone (b ¼ 20.00004) was found, and a positive association between this metabolite and inhibin B (b ¼ 0.00012), both statistically significant (P , 0.01). No other statistically significant associations were observed between potential confounders and serum hormone levels. None of the following sociodemographic variables were significantly associated with any creatinine-adjusted urinary DAP metabolites: age, marital status, income, education, fertility status and alcohol consumption. BMI was negatively associated with DETP creatinine-adjusted levels (Spearman's correlation coefficient ¼ 20.20, P ¼ 0.05). Years in floriculture were also associated with DETP creatinine-adjusted levels, mean and median of this metabolite were higher among men who had worked for more than 10 years (32.9 and 11.0 mg/gcreat) versus those who worked for a shorter time (11.2 and 8.3 mg/gcreat), P ¼ 0.04, by the Mann-Whitney U-test. Current smokers had higher mean and median levels of total DAP metabolites (488.8 and 225.5 mg/gcreat) than former smokers (367.7 and 191.9 mg/gcreat) and never smokers (117.6 and 107.1 mg/gcreat). Mean and median DMP levels were also higher among current smokers (327.1 and 91.2 mg/gcreat) versus former smokers (211.3 and 83.8 mg/gcreat) and never smokers (44.1 and 40.9 mg/gcreat). Current smokers had also higher mean or median levels of DMTP (23.8 and 10.1 mg/gcreat) than former smokers (18.6 and 10.4 mg/gcreat) and never smokers (6.8 and 6.3 mg/gcreat); differences observed on these metabolites between current smokers and never smokers were all statistically significant P , 0.01, by the Mann-Whitney U-test.
Results from the multivariate regression analyses are shown in DETP and total DAP creatinine-adjusted concentrations in urine were negatively associated with serum inhibin B levels. The regression coefficients (b) refers to the change in the ln-transformed hormone levels for an unitary increase of DAP levels, then [exp (b) 2 1] × 100 represent the percentage of change on hormone levels when DAP levels increases one unit. Thus, a unitary increase in creatinine-adjusted DMP, DEP, DETP and total DAP levels was found to induce a decrease of 0.09%, 0.93%, 0.38% and 0.08%, respectively, in serum inhibin B levels. In addition, DEP levels were negatively associated with serum FSH concentrations (a unitary increase in creatinineadjusted DEP levels induces a decrease of 0.22% in serum FSH levels), and marginally associated with higher testosterone serum levels. DETP was marginally associated with lower LH serum levels. There were no other significant associations among OP pesticide metabolites and serum hormone levels.
Discussion
The main finding of this study was the negative association between OP pesticides exposure, as assessed by the urinary concentrations of DAP (DMP, DEP; DETP and total DAP), and inhibin B serum levels. DEP was also negatively associated with serum FSH levels and with a borderline increase in testosterone levels, whereas a borderline negative association was found between DETP and LH. As far as we know, this is the first study that has evaluated the association between OP pesticides exposure and male hormonal profile, adjusting for the levels of p,p ′ -DDE, an important and ubiquitous anti-androgen endocrine disruptor. There is limited information available on the effect of exposure to OP on serum inhibin B levels in humans. Larsen et al. (1999) found higher levels of inhibin B in organic farmers who were apparently less exposed to pesticides, when compared with conventional farmers, a finding consistent with our study. However, no significant association was found in individuals attending an infertility clinic between serum inhibin B and urinary levels of TCPY, a specific metabolite of chlorpyrifos (Meeker et al., 2006) . The negative effects of OP pesticides exposure on serum inhibin B concentration reported here could be explained by participation of at least two mechanisms. First, OP could act directly at the testicular level on the Sertoli and/ or germ cells, decreasing inhibin B secretion. This effect is consistent with data indicating that subchronic OP pesticides treatment focally inhibits spermatogenesis and, in certain areas of the seminiferous tubules, destroy all the cells of the seminiferous epithelium (Sarkar et al., 2000) . However, in our study, the negative effect on inhibin B was not accompanied by increases in FSH levels, as it would be expected, perhaps due to a negative feedback exerted directly by the higher levels of testosterone, founded in the more OP exposed workers, on the hypothalamus or pituitary (Urban et al., 1991) . Second, decreased inhibin B could be secondary to an altered rate of GnRH secretion, mediated by cholinesterase inhibition exerted by OP in hypothalamus (Krsmanovic et al., 1998) , and consequent decrease in pituitary FSH production and secretion. Although inhibin B secretion in adult normal men is stimulated by FSH, it is only partly under gonadotrophin control and appears to be more closely related to the presence of Sertoli and germ cells (Andersson et al., 2001; Meachem et al., 2001) . Therefore, we hypothesize that the negative effects of OP exposure on inhibin B could be mediated by both mechanisms. Serum levels of inhibin B have been proposed as a marker for spermatogenesis since they are directly related to the concentration of spermatozoa (Jensen et al., 1997; Pierik et al., 1998; Andersson et al., 2004; Kumanov et al., 2006) . Although our study did not evaluate seminal parameters, the negative association between inhibin B and DAP metabolites (DMP, DEP, DETP and total DAP) is consistent with studies reporting an association between exposure to OP pesticides and alterations in sperm quality (Recio et al., 2001; Meeker et al., 2004) . On the other hand, the borderline increase in testosterone levels could be explained by the OP inhibitory effects on cytochrome P450, mainly on CYP3A4, which catalyze 2b-, 6b-, and 15b-testosterone oxidation in human liver. In vitro studies have shown that parathion and five OPs (chlorpyrifos, methylparathion, malathion, fenithrothion and azinphos-metyl) inhibited CYP3A4-dependent testosterone 6b-hydroxylation activity (Butler and Murray, 1997) . Furthermore, Usmani et al. (2003) found that chlorpyrifos profoundly inhibited CYP3A4-dependent testosterone metabolism (98%) in human liver microsomes. However, our findings differ from those described by Meeker et al. (2006) , who found a negative association between urinary TCPY and serum testosterone levels, and with those reported by Larsen et al. (1999) , who reported that organic farmers had higher serum testosterone levels than those of conventional farmers. Padungtod et al. (1998) found a nonsignificant decrease in serum testosterone levels in workers from a parathion and metamidophos factory, when compared with those from a textile factory, whereas Recio et al. (2005) did not find associations between urinary DAP metabolites and serum testosterone levels in Mexican agricultural workers. However, our findings were in good agreement with those of Straube et al. (1999) , who showed that testosterone levels decrease during acute exposure whereas its levels are increased during chronic exposure. In our study, serum testosterone levels corresponded to floriculturists chronically exposed, since the average frequency of fumigation was once a week, and most workers (74%) have been employed in floriculture for more than 5 years. These findings are also consistent with studies on rats, in which subchronic exposure to quinalphos was associated with an increase in serum testosterone (Sarkar et al., 2000) .
Regarding pituitary hormones, our results are partially consistent with those reported by other authors. Güven et al. (1999) found in OP-intoxicated patients, a significant decrease in FSH levels and increases in prolactin, without alterations in LH levels. Padungtod et al. (1998) found a positive association between OP and serum LH, in contrast with other authors reporting a negative association (Recio et al., 2005; Meeker et al., 2006) . Similar to our study, Recio et al. (2005) reported an inverse relationship between serum FSH and DMTP urinary levels, although in the present study, the inverse association occurred with DEP. The toxic action underlying these effects could be related with the acetylcholinesterase inhibitory properties of OP pesticides, which may affect GnRH release by stimulating nicotinic and muscarinic receptors, the effect on nicotinic receptors induce the transitory release of GnRH, whereas the effect on the muscarinic receptor inhibit the release of GnRH in a more prolonged manner (Krsmanovic et al., 1998) .
The discrepancies among studies suggest the complexity of the effects of OP on the hypothalamus -pituitary -gonadal axis, which may depend on the characteristics of exposure (intensity and temporality), the biomarkers evaluated and the specific characteristics of the studied population.
As expected, urinary DAP levels in workers of companies with organic production practices were significantly lower than those engaged in conventional non-organic production. However, there were no significant differences in DAP levels between the medium and high pesticide-exposed individuals working on conventional floriculture. This could be explained by the fact that workers exposed more directly to pesticides (sprayers, mixers and those in charge of the equipment) make a better use of protective equipment than other workers, who might also not be complying with the waiting periods before going into the fields after pesticide application (Yucra et al., 2006) .
Regarding limitations of the study, a selection bias derived from the lack of participation of some workers is unlikely, since there were no significant differences in the basic characteristics of participants and nonparticipants (data not shown). However, since this is a cross-sectional study, it is possible that individuals having different characteristics would no longer be working at the selected companies. If they were more susceptible to the toxicity of OP, and for this reason stop working in floriculture, we could have a healthy worker effect that could have biased our associations toward the null value. Another potential limitation is that DAP levels do not provide specific information about the OP to which workers were exposed, and DAP levels may represent exposure to the OP and/or its environmental degradate , limiting the interpretation of our results; however, there is limited availability of analytical methods for measuring exposure to many important OP, thus urinary DAPs may be a costeffective biological marker to characterize exposure to multiple OP (Eskenazi et al., 2004) . Another limitation is that only one urine and blood sample was determined per individual. The OPs are nonpersistent compounds, for which a measurement represents exposure occurring 24-48 h prior to sample taking and does not reflect exposure during prolonged periods. However, some authors have suggested that a single urine sample could correctly classify the subjects according to their exposure level during the 3 months prior to sample collection (Meeker et al., 2005) . Regarding uncertainties associated with endocrine effects, LH and testosterone secretion follow diurnal and pulsating patterns with fluctuations during the day, making difficult to adequately evaluate their alterations through a single determination; however, this approach has been used reliably in population studies (Moses 1993; Schrader et al., 1993) . To minimize the effect of diurnal fluctuation in our study, all samples were taken between 8:00 and 9:30 a.m. On the other hand, the floriculturists' participation would have been much less if we had requested several blood samples.
Finally, some of the statistically significant associations founded could have been random, since multiple comparisons were done, although this explanation does not seem likely in the case of inhibin B, where three DAP metabolites (DMP, DEP, DETP) and total DAP metabolites decreased inhibin B serum levels, and P-values corresponding to the regression coefficients were ≤0.02.
In summary, our study shows that inhibin B and FSH, both involved in spermatogenesis, vary according to levels of DAP metabolites in men occupationally exposed to OP pesticides. These results suggest that OP pesticides could act as endocrine disruptors in humans; however, most hormonal values fell within the wide normal range and associations were small. Further studies are needed to elucidate the biological and clinical relevance of these changes. 
